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571 ABSTRACT

Because the prior art liquid crystal driving control cir-
~cuit needs shift registers, latch circuits and selectors in a
- number corresponding to the number of cells in the -
- liquid crystal shutter array, the structure of the circuit
- inevitably becomes complicated and involves a large
‘number of components to thereby push up the produc-

tion cost. Since this invention method controls a liquid

- crystal shutter array with pulse width modulation,
image data can be serially converted into the data neces-
~ sary for swnchlng ON/OFF the driving voltage, and
- the conversion circuit can be structured with only one
system. As this invention method controls opening/- -
- closing of the cells with binary pulse width signals in a

number corresponding to the number of liquid crystal
cells, the structure of the circuit can be simplified and

. yet efficiency of recordmg in controlled gradatlon can
be enhanced |

2 Claims, 7 Drawing Sheets
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METHOD FOR DRIVING A’\TD CONTROLLING
LIQUID CRYSTAL A\JD DEVICE THEREFOR

- Thts 18 a Contmuatton Appllcatlon of prior appllea--'
- tion Ser. No. 07/014,041, filed Feb. 12, 1987 now U S :

Pat No. 4, 939 529

| BACKGROUND OF THE INVENTION |
Thts invention relates to a method for driving and

o controlling liquid crystal which stepwise controls a

- liquid crystal shutter array to record images on a photo-

~ sensitive material at half tone and to a device therefor.

- FIG. 1is a schematic view of an image recording
. device using a liquid crystal shutter array to which this

5 047 789

) closed until a time point to while it is open between a

-"ttrne point to and a time point t4 to let the light pass

“therethrough. The graph also indicates that while the

intensity of the-t_ransmitted light increases gradually
- (the small dip in the curve is indicative of the well
known bound phenomenon of the liquid crystal) when
- the liquid crystal shutter starts to let the light pass the

passage of light is almost shut instantaneously when a

. - pulse voltage PV is applied at the time point t4 and the
10

shutter closes (CL). The intensity of the light which

‘passes through the liquid crystal shutter array 2 to ex-

~ pose the photosensitive material 3 can be controlled by

15

invention is applicable wherein hght emitted from a

- light source 1 such as a Halogen lamp is directed onto a-

liquid crystal shutter array 2 comprising a number of

the steps of keeping the pulse voltage PV applied on the
liquid crystal cells 2A at zero to open the liquid crystal
shutter, keeping the pulse voltage PV at zero at differ-
ent time points, for example ti, t2, t3, and thereby con-.

- trolling the time OP during which the liquid crystal
- shutter is open. In other words, the amount of light

__hquld crystal cells 2A of a rectangular shape arranged

~in line, the hght transmitted through opened liquid crys-
tal cells 2A is irradiated onto a photosensitive material

20
~the photosensitive material 3 at half tone. o
-~ Optimally toned 1mages can be recorded by control-

3 via filter unit 10 to expose the photosensuwe material
3 at arecording area 3A linearly extending in the width

of AD. After one line is recorded, the photosensitive
“material 3 is Operatwely moved in the direction Q by

AD to record another data in the next llne in a manner_ o

- similar to the above.

‘The filter unit 10 mclttdes a eyhndncal filter plate 12

. and a Selfoc lens array 11 which is internally held at a
‘center of the cylmdneal filter plate 12. FIG. 2 shows the

which exposes the photosensitive material 3 can be .

controlled so that the color images can be recorded on

ling the time period OP during which the liquid crystal
~_shutter 1s open, or more specifically by applying grada-
25

tion density signals as shown in FIG. 4 to the liquid

crystal shutter array 2. If it is assumed that the liquid
crystal cells 2A of the liquid crystal shutter array 2

comprises N number of cells 21, 22, ..., 2(N-1), 2N, the

*time during which the liquid crystal cells 21 through 2N

30

~filter unit 10 in brief cross section. The cylindrical filter
- plate 12 comprises mask members 12M1, 12M2 of a
‘band shape which are arranged symmetrically- froma

~ central point to block the light transmitted from the

- liquid crystal shutter array, and band-shaped red filters

35

12R1, 12R2, green filters 12G1, 12G2 and blue filters

and blue (B) from the mask members 12M1, 12M2. The

 Selfoc lens array 11 is fixed inside the cylindrical filter
- plate 12 in a manner to allow rotation in the direction of,

~ for instance, P around the longitudinal axis of the cylin-
- der. Since the cylinder rotates in the direction P, the

- light coming through the liquid crystal shutter array 2 is -
either blocked out by the mask members 12M1 and
~ 12M2 or allowed to pass the R light through the red
~ filters 12R1 and 12R2, the G light through the green

E . 12B1, 12B2 which are respectively arranged symmetri-
- cally from the center in the order of red (R), green (G)

are open can be eontrolled'-by simply applying the gra-
dation density signals shown in the schema (A) of FIG.

4 to each of the llqutd crystal cells. FIG. 4 shows an

example wherein the images are recorded at the grada-

‘tion density of 4 bits in the level “0”, to “15”. The liquid o
crystal cell 21 opens for “0” if expressed in terms of the

gradation density, and the liquid crystal cell 22 opens

for “1”. Similarly, the liquid crystal cell 2N opens for

“4”, By applying the pulse voltage signals on the liquid
crystal cells 21 through 2N at tlmmgs corresponding to
the gradation densities as shown in schema (A) of FIG.

~ 4, the time to open the respective liquid crystal cells 2A
- can be controlled. Since the photosensitive material 3 is

45

~ filters 12G1 and 12G2 or the B light through the blue
filters 12B1 and 12B2. By rotating the cylindrical filter

o plate 12 suitably, the recording area 3A extendmg in a

linear form on thé photosensitive material 3 is consecu-

30

~ tively exposed to the R light, G light and B light or is | |
~ blocked of the light by the mask members 12M1 and -
-~ 12M2. After one line of recording area on the photosen-

sitive material 3 is exposed to the lights R, G and B, the

- photosensitive material 3 is moved in the direction Qto
“expose the next one line of the recording area to the -

ltght so that color images on the photosensitive material

55

3 is completed by repeating the above recordmg opera-

- tion one line by one line.
~ The liquid crystal cells 2A of the hqutd crystal shut-_ |
o ter array 2 have such features that they are closed to
- _'prohlbtt passing of the light therethrough (tn other
- words, the intensity of the light transmitted is zero)

when a pulse voltage PV (e.g. | KHz) is applied to the

o - liquid crystal cells 2A, while it is open to let the light
| pass therethrough when no pulse voltage is applied

- thereto. F1G. 3. shows that a liquid crystal shutter is

65

~ exposed with the light transmitted through the liquid
- crystal cells 21 through 2N, the photosensitive material

3 can be recorded with the 1 images at an Optlmally ad-
- justed gradation tone. |

FI1G. § shows a convehtlonal c1rcu1t which may be

used as a control circuit for recording images at ad-

justed gradation tone by using the liquid crystal shutter
array 2 described above. If the number of the llqutd

“crystal cells 21 through 2N of the shutter array 21s N,

and the number of gradients in output images is n bits, -

“image data PD is stored in a line memory 100 having
"NXn bits. The data prepared in correspondence with

all the liquid crystal cells 21 through 2N (#1 through
#N) in the line memory 100 are respectively transmit-

- ted to shift registers 111 through 11N, and the output -

data therefrom are latched respectively in latch circuits

‘121 through 12N in synchronism with a latch pulse LP.

Selectors 131 through 13N are provided in correspon-

- dence to the respective liquid crystal cells 21 through
2N and are supplied respectively with pulse width sig-

nals' PW. Signals of the pulse width corresponding to
the data (gradation signals) which have been latched in” .
the latch circuits 121 through 12N are operatively se-
lected by the selectors 131 through 13N and fed to a

 hquid crystal driver 101. The liquid crystal driver 101

~ then sends. the pulse w:dth 51gnals SW seleeted by the
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selector 131 through 13N to the liquid crystal cells 21
through 2N of the liquid crystal shutter array 2. Thus,
each of the liquid crystal cells 21 through 2N of the

shutter array 2 is respectively supplied with signals of

the time widths PD1,PD2.PD3, ..., PDN correspond-
ing to the gradation densities as shown in the schema
(A) of FIG. 4.

The prior art liquid crystal driving control circuit,
however, is detrimental as it requires shift registers 110
(111 to 11IN), the latch circuits 120 (121 to 12N) and the
selectors 130 (131 to 13N) in the number corresponding
to the number of the liquid crystal.cells 21 through 2N
of the liquid crystal shutter array 2 to inevitably compli-
cate the circuit and push up the production cost.

SUMMARY OF THE INVENTION

This invention was contrived to eliminate aforemen-
tioned problems encountered in the prior art and aims at
providing a method, and a device therefor, for driving
and controlling liquid crystal which can control a liquid
crystal shutter array in optical gradation with a higher
efficiency and with a simpler structure.

According to one aspect of this invention, for achiev-
ing the objectives described above, there is provided a
method for driving and controlling a liquid crystal shut-
ter array in order to record an image at adjusted grada-
tion, which comprises the steps of: providing a unit of
driving time which is corresponding to predetermined
number of gradients in said image and a writing cycle
on said liquid crystal shutter array; generating all pixel
data out of output data for all pixel of said liquid crystal
shutter array at each time which is corresponding to the
unit of the driving time; and driving said liquid crystal
shutter aray by using said all pixel data so as to record
the image.

According to another aspect of this invention, there is
provided a hquid crystal drive/control device which
controls a liquid crystal shutter array at a writing cycle
T comprising hiquid crystal cells of N number to record
an image of n-bit gradation on a photosensitive material,
which comprises an m-notation (m=2"—1) ring
counter (1.e. an M-stage ring counter) which counts a
first clock signal and divides said writing cycie T by m,
an N-notation ring counter (i.e. N-stage ring counter)
which counts a second clock signal, a line memory of
N X n bits which uses an output from the N-notation
ring counter as address signals, a comparator which
compares an image data outputted from the line mem-
ory with an output from the m-notation ring counter
and outputs binary data in accordance with a compari-
son result therein, an N-bit shift register which receives
as input said binary data in synchronism with said sec-
ond clock signal and a driving circuit which feeds in
parallel output from the N-bit shift register to said liquid
crystal cells in the number N for driving the same.

Further, according to still another aspect of this in-
vention, there 1s provided a liquid crystal drive/control
device which controls a liquid crystal shutter array at a
writing cycle T comprising liquid crystal cells of N
number to record an image of n-bit gradation on a pho-
tosensitive material, which comprises an m-notation
(m=2"-—1) ring counter which counts a first clock
signal and divides said writing cycle T by m, an N-nota-
tion ring counter which counts a second clock signal, a
line memory of N X n bits which uses an output from the
N-notation ring counter as address signals, a data table
which is accessible with an image data outputted from
the line memory and an output from said m-notation
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4

ring counter, an N-bit shift register which receives as
input data outputted from said data table, and a driving
circuit which feeds in parallel output from the N-bit
shift register to said liquid crystal cells in the number N
for driving the same.

The nature, principle and utility of the invention will
become more apparent from the following detailed
description when read in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 11s a schematic view to show an embodiment of
an image recording device using a liquid crystal shutter
array to which this invention is applicable;

FIG. 2 15 a cross sectional view of a filter unit used in
the above image recording device;

FIGS. 3(A) and (B) are characteristic graphs to ex-
plain the operation for opening/closing liquid crystal
cells of the liquid crystal shutter array which is used in
this invention;

FIGS. 4(A) and (B) are schematic charts to explain
the control of the liquid crystal shutter array and grada-
tion control in recording;

FI1G. §1s a circuit diagram to show an embodiment of
a conventional liquid crystal driving control circuit;

FIG. 6 1s a circuit diagram to show an embodiment of
this invention circuit structure;

FI1G. 7 1s a data table to explain examples of the oper-
ation in driving;

FIGS. 8A through 8H are time charts to show an
example of operation in FIG. 6;

FIG. 9 i1s a circuit diagram to show another embodi-
ment of this invention;

FIG. 10 is a chart to describe the relation between
input/output in a look-up table for the circuit in FIG. 9;
and

FIGS. 11A through 11F are time charts to show
examples of operation of the circuit in FIG. 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to this invention, signals to be recorded
are stored as SD1,SD2, ..., SDn in correspondence to
the data on gradation density of n bits before being
applied to respective liquid crystal cells 21 through 2N
of the liquid crystal shutter array 2, as shown in schema
(A) of FIG. 4. More particularly, the writing cycle for
one pixel in correspondence to the liquid crystal cells 21
through 2N is denoted as T. In order to convert the
image data PD of n bits for opening/closing the liquid
crystal cells 21 through 2N for the time period T/m (the
time obtained by diving T by m)X N into the data for
switching ON or OFF the electric voltage on all the
data once every T/m, time data TM is generated with a
clock signal CK1 of the cycle T/m from the time when
the writing cycle T for one pixel starts. The image data
PD and time information TM are compared in amount -
and converted to the data for switching ON/OFF the
voltage in order to control pulse number modulation.

FIG. 6 shows an embodiment of a drive and control
circuit according to this invention wherein a clock sig-
nal CK1 which i1s synchronized with the number T/m is
inputted to an m-notation ring counter 33 and a latch
circuit 31 of N bits, the m-notation ring counter 33 is
Cleared with a clear signal CLR1 which is inputted in
synchronization to the writing cycle T, and the time
information TM outputted from the m-notation ring



“counter 33 is inputted to a Comparator' 36. A clock

S | signal CK2 (> CK1), which is outputted in a predeter-
- mined number durtng the period when the writing cycle

T is divided by m, is respectively inputted to an N-nota- -

- tion ring counter 34 and a shift register 32 of N bits, the

- N-notation rtng counter 34 is cleared with a clear signal

- CLR2 which is mputted once every T/m, the output
from the N-notation ring counter 34 is inputted as a
- memory address to a line memory 35 of N X n bits, and

~the image data PD is stored in correspondence to the

- address. The output PDA from the line memory 35is
- inputted to the comparator 36 to be compared with the
- time information TM in amount. If the time information
- TM s larger than the image data PDA, the output CM

| thereof is outputted as “H”, and if the time information

| _._TM is smaller than the image data PDA, the output CM

10

table in FIG. 7. Since signals output'ted from the _driuer |

- 30 to be applied to the liquid crystal cells 21 through 2N

are corresponding to each line SD1,SD2, . , SDn as

‘shown in FIG. 4, if the output of the 51gnals 1s sequen-

tially repeated from “0” to “27—1”, the image signals

-expressed in terms of gradation can be fed to the respec-
tive liquid crystal cells 21 through 2N. This in turn can -

control the time for opening the lquId crystal cells 2A

of the liquid crystal shutter array 2 in accordance with

the gradation whereby it is possible to record the im-

- ages-at half tone on the photosensuwe material 3.

FIG. 9 shows a circuit structure of another embodi-

ment of this invention wherein image data PDA from a

~ line memory 35 and time information TM from an m-

15

18 outputted as “L”. The binary output CM thus ob-

" tained is inputted to a shift register 32. The data CM of

N bits corresponding to the number N of the liquid
crystal cells 21 to 2N is inputted to the shift register 32,

 the parallel outputs therefrom are latched respectively

- by the latch circuit 31, the latch data LD are sequen-

the ltqutd crystal cells 21 to 2N as shown by SD1,SD2,

, SDn in FIG. 4 in synchronism with a clock signal

FR whtch 1S commdental to the frequency for hqu1d
crystal driving.

Driving voltages DV (O +D) are applted to the

 driver 30, and the drwmg voltages DV have the rela-

- tion shown in FIG. 7 with the latched data LD from the
- latch circuit 31 and the clock 51gnal F R mputted to the |

- 'drwer 30.

20

25

notation ring counter 33 are operatively added by an

adder 41, the added data LA in the adder 41 is outputted
therefrom as an address signal of a look-up table 40, and

“the look-up table 40 stores data in the relation as shown
‘in FIG. 10. The data TD read out from the look-up

table 40 is inputted to a shift register 32 of N bits to
control opening/closing of the liquid crystal shutter

o . array 2 in a manner similar to the one shown in FIG. 6.
- tially outputted via a driver 30 as binary data parallel to

FIGS. 11A through 11F show examples of operation

~ _in the circuit shown in FIG. 9 to achieve the effect
similar to the first embodiment. | |

The line memory 35 outputs the 1mage data PDA__.

~ similar to the above, the m-notation ring counter 33
- outputs the time information TM at the timing shown in

- FIG. 11D, and they are added in the adder 41. When

30
added data LA will be at “0” through “7”. The data

“An example of operatton of the c1rcu1t havtng the

"~ above structure will now be described referring to the
- time charts shown in FIGS. 8A through 8H.

35

The clock signal CK1 is. inputted to the m-notation
‘ring counter 33 (in this case m=4) in synchronism with =

" T/4as shown in FIG. 8B. The output therefrom or the

- time information TM is outputted in synchronism with

. the ertlng cycle T ln the f'orm Of HOH Hlﬂ uzn and u3n )

or in other words, in synchronism with the ‘clear srgnal |

CLR1 and inputted to the comparator 36 as shown in N :'.-.(m 4) in the above embodiment, the divider m may be

FIG. 8D. The clock signal CK2 of high frequency

~which is outputted during the period T/4 is counted by
" the N-notation ring counter 34, and mputted to the line

the image data PDA 1s at the levels “0”” through “3" the

TD is outputted in the form of binary pulse width signal -
in accordance with the table in FIG. 10. The pulse

~width signal TD is inputted in parallel to the shift regis- -

ter 32 of N bits and fed to the latch circuit 31 and the
driver 30 to drive the liquid crystal shutter array 2 in the

manner similar to the above. Since the shift regtster 32

stores data for each of the lines SD1,SD2, ..., SDn as

shown in FIG. 4 for output, the images at half tone can
be recorded on the photosensitive material 3. -

Although the writing cycle T is divided by “4“

~ any arbitrary number. Although in the above embodi-

45

 memory 35 as a memory address, and the image data

- PDA from the line memory 35 is inputted to the com-

ments a line memory, ring counters, an adder, a shift
register and a latch circuit are structured discretely,
they may be structured in a smgle large scale mtegrated

. circuit (LSI)

parator 36 as shown in FIG. 8H. The comparator 36

~ compares the time information TM with image data

 PDA and, if the image data PDA becomes larger than
the time information TM, inputs the output CM there-

* from as “H” to the shift register 32 sequentially. If the

- As descrtbed in the foregomg, thts mventlon method

~ controls a liquid crystal shutter array with pulse width

50 _
~data into the data necessary for switching ON/OFF
driving voltage for the liquid crystal shutter array, con-

~ image data PDA becomes smaller than the time infor- =
mation TM, the comparator 36 inputs it as “L”. There-

~ fore, the shift register 32 sequentially stores N-bit data

5

for each of the liquid crystal cells 21 through 2N 1n the

- form of SD1,SD2, .

, SDn as shown in FIG. 4. The
- N-bit data SD1 through SDn stored in the shift register

32 for one line are latched by the latch circuit 31 in
synchronism with the clock signal CK1 and are input-.

“ted in parallel to the driver 30 as latched data LD. Then,

~ the driver 30 outputs parallel data in synchronism with

~ the clock signal FR. The clock signal FR may be syn-

‘chronized with the clock signal CK1. With the clock
65

signal FR and the latched data LD, the driver 30 feeds

the liquid crystal cells 21 through 2N of the liquid crys-

tal shutter array 2 with the data on the drtvmg voltages .

DV as parallel 51gnals in the relation shown in the Jata

modulation. This enables serial conversion of image

struction of the conversion circuit with only one sys-
‘tem, and utilization of general purpose crystal drive

LSIs. This invention method can record images in ad-
justed gradation simply and effectively as the method

- controls opening/closing of the liquid crystal cells with '

binary pulse width signals in a number correspondtng to

‘the number of liquid crystal cells.

It should be understood that many modifications and :
adaptat:ons of the invention will become apparent to
those skilled in the art and it is intended to encompass
such obvious modifications and changes in the sc0pe of

the claims appended hereto. -

- What is claimed is: | |
" 1. A liquid crystal drive/control method for drwmg

- and controlling a liquid crystal shutter array in order to

- record an image at adjusted gradation, the liquid crystal
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shutter array including at least one liquid crystal cell
line having a plurality of liquid crystal cells, said
method comprising the steps of:
transmitting light through the liquid crystal shutter
array to expose a photosensitive material;
providing a filter device having colors R, G and B
interposed between the liquid crystal shutter array
and the photosensitive material, the filter device
including a cylindrical filter plate and a Selfoc lens
array which is internally located at a center of the
cyhindrical filter plate;
rotating the filter device so as to transmit R, G and B
color hights for recording a color image;
dividing a gradation density data corresponding to
one liquid crystal cell line according to a gradation
density dividing level unit;

5
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8

converting the thus divided gradation density data
into binary data for each dividing level unit;
storing the binary data in a register; and

reading the binary data in parallel from the register

and driving the liquid crystal shutter array accord-
ing to the thus read binary data;

wherein gradation control and drive for each liquid

crystal cell line 1s based on the binary data obtained
from the gradation density data.

2. A hquid crystal drive/control method as recited in
claim 1, further comprising providing the cylindrical
filter plate with a band-shaped light blocking portion,
and moving the photosensitive material relative the
filter device for recording a subsequent line of image
data when the light is blocked by the light blocking

portion of the cylindrical filter plate.
X L * *x L
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